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speed, a configuration is adopted where, while a FFT
(fast Fourier transform) operation or inverse FFT (in-
verse fast Fourier transform) operation is being carried
out by performing a prescribed number of butterfly op-
erations with the output (out0, out1, out2, out3) of a but-
terfly operator (54) being fed-back to the input of the but-
terfly operator, at least one of: a first storage part (52-0,

FIG. 10

operator; a second storage part (58-0. 58-1, 58-2, 58-3)
for temporarily storing data outputted from the butterfly
operator and feeding-back read-out data to an input of
the butterfly operator; and a third storage part (59-0,
59-1, 59-2, 59-3), for storing data that has undergone a
butterfly operation a prescribed number of times, has a
storage part, with the storage part comprising a plurality
of divided storage parts.

in0  outd

56-0

4

20l
- 14
£ |

] 10108198

P

!

g
int & outl
o

1enoles Ajp

R

|={in2 S outz

60-3

—in3  out3

1010888
[+:]
?
N
100808 H 10}00)08 ” 10)08j88 l 10p09j8S

/1 1008(88 II 10)90(08 ” 1000198

~

54

52-0 L]
52-1
522 55
52-3

oy
@
&

l J0j08|88 I 10108188

$‘/{ 1010898 ] | J0y08(08
w

570

59-0

58-0

Jojoeles

output buffer
57

10p8fes

output buffer
572

10109(98

56

58-2

58-3

b

output buffer

output buifer

,1 10)08]35 1010808

7-3

o

Printed by Jouve, 75001 PARIS (FR)



1 EP 0 805 401 A1 2

Description

The present invention relates to a fast Fourier trans-
form operation device and method thereof, and more
particularly relates to a fast Fourier transform operation
device and method thereof capable of higher speeds.

Recently, digitization has become widespread in
broadcast technology. FIG. 1 shows an example config-
uration of a receiving device for DAB (Digital Audio
Broadcasting) that is one way of putting audio signals
into digital form and then broadcasting digital radio
broadcasts. Here, atuner 102 received signals fora pre-
scribed broadcast station (channel) from a signal re-
ceived via an antenna 101 and outputs these signals to
an A/D converter 103. The A/D converter 103 then con-
verts the inputted signal from analog to digital. A "fast
Fourier transform" (hereinafter abbreviated to "FFT")
circuit 104 then performs FFT operations to convert from
data on a time axis inputted by the A/D converter 103 to
data for a plurality of sub-carrier waves on a frequency
axis. This FFT circuit 104 is supplied with a symbol com-
ponent after guard interval components provided be-
tween neighboring symbols on the time axis have been
removed.

A de-interleaving and error correction circuit 105
performs de-interleaving and error correction process-
ing on the output of the FFT circuit 104. Part of the signal
that has been processed by the de-interleaving and er-
ror correction circuit 105 is then supplied to a decoder
106. This signal is then DQPSK (Differential Quadrature
Phase Shift Keying) demodulated, with a left channel
audio signal and a right channel audio signal then being
outputted from speakers 107 and 108, respectively. An
appended data output circuit 109 then separates and
outputs appended data such as program contents and
traffic information from the signal outputted by the de-
interleaving and error correction circuit 105.

FIG. 2 shows an example configuration of this kind
of related FFT circuit 104. In this example, inputted data
is inputted to an input terminal inO or in1 of a butterfly
operator 4 via a selector 2 and a selector 3 after being
temporarily stored in an input buffer 1. The butterfly op-
erator 4 is an operator that perform butterfly operations
(two point DFTs (Discrete Fourier Transforms)) of, for
example, radix 2, reads rotational operator data (rota-
tional factor) stored in a ROM 5 (Read Only Memory) as
appropriate, performs butterfly operations on data input-
ted from terminal inO and in1, and outputs this data to
terminal outO and out1.

The selector 6 selects data outputted from the ter-
minals outO and out1 of the butterfly operator 4 and out-
puts this data to a selector 7. The selector 7 then outputs
data inputted from the selector 6 to a memory 8 or an
output buffer 9. The memory 8 stores data inputted by
the selector 7, reads this data at a prescribed timing and
supplies this data to the selector 2.

The selector 2 selects the output from the input bufi-
er 1 until all of the data comprising the processing unit
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for the butterfly operation have been selected from the
input buffer 1. Then, after all of the data that is to under-
go butterfly operations has been inputted from the input
buffer 1, the data inputted from the memory 8 is selected
and outputted to the selector 3. The process for execut-
ing the butterfly operation is then repeated a prescribed
number of times on the results of the butterfly operation
from the butterfly operator 4.

For example, as shown in the timing chart in FIG.
3, when the data O (butterfly operation results) from the
terminal outO of the butterfly operator 4 and the data 1
(butterfly operation results) from the terminal out1 are
respectively outputted, the selector 6 operates on a
clock that a period that is 1/2 (twice the frequency) of
the period for the output of the butterfly operator 4. As
aresult, the data O outputted by the terminal outO is se-
lected in the first half of the period for the output of the
butterfly operator and the data 1 outputted by the termi-
nal out1 is selected in the second half of this period. The
data O and the data 1 is therefore selected by the selec-
tor 7, supplied to the memory 8 and written, i.e. the two
butterfly operation results outputted simultaneously by
the butterfly operator 4 are converted from parallel to
serial at the selector 6 and supplied to and stored in the
memory 8 via the selector 7. The data stored in the
memory 8 is then read-out again and supplied to termi-
nals in0 and in1 of the butterfly operator 4 via the selec-
tors 2 and 3.

Namely, as shown in FIG. 3, reading and writing of
data to and from the memory 8 is carried out in 1/2 a
period of the cycle for changing over the selector 6. For
example, when the data 0 is outputted by the selector
6, the data O is written to the memory 8 in the first half
of this period and the data already stored in the memory
8 is read-out in the second half of this period. This data
is then inputted to, for example, terminal inO of the but-
terfly operator 4 via the selectors 2 and 3.

Data 1 is written to the memory 8 in the first half of
the period of the selector 6 outputting the data 1 and
prescribed data already stored in the memory 8 is read
out in the following half and is supplied to, for example,
terminal in1 of the butterfly operator 4 via the selectors
2and 3.

The same process is then repeatedly executed
thereafter.

With this related FFT operation device (in this case,
the FFT circuit 104), as shown in FIG. 3, when the fre-
quency of the operating clock of the butterfly operator 4
is taken to be 1, the frequency of the operating clock for
the memory 8 has to be four times this frequency. In oth-
er words, when the operating clock of the memory 8 is
decided, the operation occurring at the butterfly operator
4 has to be carried out at a speed that is 1/4 of that of
this clock. However, the butterfly operator 4 can operate
at a higher speed than this and the maximum processing
capabilities are not fulfilled, with this being one reason
that hampers making of the FFT operation high-speed.

As the present invention sets out to resolve the
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aforementioned problems, it is the object of the present
invention to carry out operations at a higher speed.

Viewed from one aspect the invention provides a
fast Fourier transform operation device feeding an out-
put of a butterfly operator back to an input of said but-
terfly operator, for carrying out fast Fourier transform op-
erations or inverse fast Fourier transform operations by
performing a butterfly operation a prescribed number of
times, wherein at least one of: a first storage part for
storing data inputted to said butterfly operator; a second
storage part for temporarily storing data outputted from
said butterfly operator and feeding-back read-out data
to an input of said butterfly operator; and a third storage
part, for storing data that has undergone a butterfly op-
eration a prescribed number of times, has a storage
part, with said storage part comprising a plurality of di-
vided storage parts.

Viewed from another aspect the invention provides
a fast Fourier transform operation method for feeding
an output of a butterfly operator back to an input of said
butterfly operator and carrying out fast Fourier transform
operations or inverse fast Fourier transform operations
by performing a butterfly operation a prescribed number
of times, wherein at least one of: data inputted to said
butterfly operator; data outputted from said butterfly op-
erator and fed-back to an input of said butterfly operator;
and data having undergone a butterfly operation a pre-
scribed number of times is divided into a plurality of data,
with said divided data being stored at individual storage
parts.

According to the FFT operation device and the FFT
operation method of the present invention, FFT opera-
tions can be carried out at high-speed by adopting a con-
figuration where at least one of: a first storage part for
storing data inputted to the butterfly operator; a second
storage part for temporarily storing data outputted from
the butterfly operator and feeding-back read-out data to
an input of the butterfly operator; and a third storage
part, for storing data that has undergone a butterfly op-
eration a prescribed number of times, has a storage
part, with the storage part comprising a plurality of di-
vided storage parts.

Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings, in which:

FIG. 1 is a block diagram showing an example con-
figuration for a DAB receiving device;

FIG. 2 is a block diagram showing an example con-
figuration for the FFT circuit 104 of FIG. 1,

FIG. 3 is a timing chart illustrating the operation of
the example of FIG. 2;

FIG. 4 is a view showing a signal flow for illustrating
the theory of operation of one embodiment of the
present invention;

FIG. 5 is a block diagram showing a configuration
of a first example embodiment of an FFT operation
device according to the present invention;
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FIG. 6 is a timing chart illustrating the operation of
the embodiment of FIG. 5;

FIG. 7 is a block diagram showing a configuration
of a second example embodiment of an FFT oper-
ation device according to the present invention;
FIG. 8 is a block diagram showing a configuration
of a third example embodiment of an FFT operation
device according to the present invention;

FIG. 9 is a block diagram showing a configuration
of a fourth example embodiment of an FFT opera-
tion device according to the present invention;
FIG. 10 is a block diagram showing a configuration
of a fifth example embodiment of an FFT operation
device according to the present invention;

FIG. 11 is a block diagram showing a configuration
of a sixth example embodiment of an FFT operation
device according to the present invention;

FIG. 12 is a timing chart illustrating the operation of
the embodiment of FIG. 11;

FIG. 13 is a block diagram showing a configuration
of a seventh example embodiment of an FFT oper-
ation device according to the present invention;
FIG. 14 is a timing chart illustrating the operation of
the embodiment of FIG. 13;

FIG. 15 is a block diagram showing a configuration
of an eighth example embodiment of an FFT oper-
ation device according to the present invention;
FIG. 16 is a timing chart illustrating the operation of
the embodiment of FIG. 15;

FIG. 17 is a block diagram showing a configuration
of a ninth example embodiment of an FFT operation
device according to the present invention; and
FIG. 18 is a block diagram showing a configuration
of atenth example embodiment of an FFT operation
device according to the present invention.

The following is a description of the basic theory of
a first to fifth embodiment of the present invention. If the
radix in an FFT butterfly operation is taken to be N, then
the butterfly operation for one time is carried out with
respect to N items of input data and N items of data are
obtained the results for this butterfly operation. There is
therefore just one input buffer for storing the first input
data, memory for storing intermediate results for the but-
terfly operation and/or output buffer for storing final re-
sults for the butterfly operation (hereinafter, the input
buffer, memory, and output buffer will be referred to col-
lectively as "storage parts"). Butterfly operations are
then carried out after data is read N-times from these
storage parts. It is then necessary to write the results of
these butterfly operations to the storage parts succes-
sively soastoincrease the speed of the FFT operations.

N storage parts are prepared when when butterfly
operations of radix N are carried out. Data is then read
from the respective N storage parts simultaneously (in
parallel) and butterfly operations are carried out. The N
butterfly operation results obtained are then supplied to
written simultaneously (in parallel) to N storage parts so
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as to achieve a high speed in the FFT operations.

A method of arranging N storage parts in such a
manner that N items of data corresponding to the N stor-
age parts can be written or read simultaneously will now
be described with reference to FIG. 4.

FIG. 4 shows the signal flow for when eight-point
FFTs are carried out using a time thinning-out method
(Cooley-Tukey method). In FIG. 4, the alphanumeric
characters 10 to |7, MO to M7 and OO0 to O7 show the
addresses of the input buffers, memory and output buff-
ers, respectively. Further, BTF (butterfly operator)
shows a butterfly operator of radix 2, with two storage
parts therefore being provided. Namely, input buffers
IBO and IB1 are provided as memory, memory MEMO
and MEM1 are provided as memory and output buffers
OBO0 and OB1 are provided as output buffers.

When the eight items of input data comprising the
object of the FFTs are expressed in a time series as i0
to i7 and output data (final butterfly operation results)
obtained by FFT transforming this input data is ex-
pressed as o0 to o1 from the low frequency component,
the input data i0 to i7 is inputted to addresses 10 to 17,
respectively, and the output data o0 to 07 and output
data o0 to o7 is outputted from addresses OO0 to O7,
respectively.

Then, as shown in FIG. 4A, the input buffers IBO
and I1B1, the memory MEMO and MEM1 and the output
buffers OB0 and OB1 are provided in such a manner as
to be divided between the portions of the upper and low-
er signal flows respectively.

In this case, the input data i0 to i7 is stored in ad-
dresses 10 to I3 of the input buffer IBO and addresses 14
to 17 of the input buffer IB1. The first butterfly operation
is then performed after lining-up in so-called reverse bit
order by reading from these addresses. The first butter-
fly operation results are stored in memory MEMO and
MEM1, read-out, and the second butterfly operation is
performed, with the results of this second operation then
being stored again in memory MEMO and MEM1. The
results of the second butterfly operation are then again
read from memory MEMO and MEM1, a third butterfly
operation is performed, and the results are stored in the
output buffers OB0 and OB1.

When the input buffers IBO and IB1, memory MEMO
and MEM1 and output buffers OBO and OB1 are ar-
ranged as shown in FIG. 4A, the two items of input data
comprising the first object of a butterfly operation are
stored so as to be divided between the addresses |0 and
14, 11 and 15, 12 and |16 and I3 and |7, respectively i.e.
stored so as to be divided between input buffer IBO and
input buffer IB1. This data can therefore be read simul-
taneously and butterfly operations can be carried out.
Further, the two items of output data obtained in the final
butterfly operation (third butterfly operation) are sup-
plied separately to addresses O0 and O4, O1 and O5,
02 and 06 and O3 and O7, respectively, i.e. supplied
s0 as to be divided between the output buffers OB0O and
OB, respectively and are stored (read) simultaneously.
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However, in this case, the two items of data that
comprise the object of the second butterfly operation are
both stored in either memory MEMO or MEMT, i.e., for
example, the two items of data that are subjected to the
second butterfly operation are stored in addresses MO
and M2 of memory MEMO, addresses M1 and M3 of
memory MO, addresses M4 and M6 of memory M1 and
addresses M5 and M7 of memory MEM1. These two
items of data can therefore not be read-out simultane-
ously in order to carry out this butterfly operation.

In this case, at the memory MEMO and MEM1, the
two items of data obtained as the results of the second
butterfly operation are stored in the original address
stored for carrying out the third butterfly operation.
Namely, for example, the two items of data obtained as
a result of the second butterfly operation using the two
items of data outputted from address MO and address
M2 are stored at the original addresses MO and M2. Fur-
ther, the two items of data obtained as a result of the
second butterfly operation using the two items of data
read from the addresses M1 and M3 are stored in the
original addresses M1 and M3. The data read from the
addresses M4 to M7 is also stored in the original ad-
dresses M4 to M7 after the second butterfly operation.

It is therefore not possible to read the two items of
data obtained as a result of the second butterfly opera-
tion at the same time.

As, for example, shown in FIG. 4B, addresses MO,
M3, M5 and M6 are arranged at memory MEMO, and
addresses M1, M2, M4 and M7 are arranged at memory
MEM?1.

In this case, the two items of data comprising the
operation of the butterfly object and stored so as to be
divided between the memory MEMO and MEM1, i.e. for
example, the two items of data comprising the object of
the second butterfly operation are stored in address MO
of memory MEMO and address M2 of memory MEM1,
address M1 of memory MEM1 and address M3 of mem-
ory MEMO, address M4 of memory MEM1 and address
M6 of memory MO and address M5 of memory MEMO
and M7 of memory MEM1, and these two items of data
are read out for performing a butterfly operation.

As described above, at the memory MEMO and
MEM1, the two items of data obtained as a result of the
second butterfly operation are stored at an address
(original address) stored for carrying out the third but-
terfly operation and the writing of the two items of data
resulting from the butterfly operation can be carried out
simultaneously.

The FFT operation can therefore be made high-
speed without increasing the capacity of the storage
parts just by carrying out the address control described
in FIG. 4B in the same order as before.

The embodiments described in the following are
based on the above theory.
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First Embodiment

FIG. 5 shows a configuration of a first example em-
bodiment of an FFT operation device. Portions corre-
sponding to portions in FIG. 2 are given the same nu-
merals and their detailed description is omitted.

A selector 10 supplies input data that is the object
of the FFT to one of either of selectors 12-0 or 12-1. The
selector 11-0 or 11-1 selects one of the output of memory
15-0 or the output of memory 15-1 and supplies this out-
put to the selector 12-0 or 12-1, respectively. At the se-
lector 11-0, when one of the outputs of memory 15-0 or
15-1 is selected, the selector 11-1 selects the remaining
output.

The selector 12-0 selects one of the output of the
selector 10 or 11-1 and supplies this output to a terminal
in0 of the butterfly operator 4. The selector 12-1 then
selects one of the output of the selector 10 or 11-1 and
supplies this output to a terminal in1 of the butterfly op-
erator 4.

The selectors 13-0 and 13-1 selects data outputted
by one of either the terminal outO or out1 of the butterfly
operator 4 and supplies this to the selectors 14-0 and
14-1. When one of either the output of outO or out1 is
selected at selector 13-0, selector 13-1 selects the re-
maining output. Data outputted from terminal outO is
then stored in one of either memory 15-0 or 15-1. Fur-
ther, data outputted from terminal out 1 can then be
stored in one of either memory 15-0 or 15-1.

Selector 14-0 and 14-1 supply the output of selector
13-0 and 13-1 to memory 15-0 and 15-1, respectively,
and/or to selector 16. The memory 15-0 or 15-1 then
stores the data supplied from selector 14-0 and 14-1 and
the stored data is then supplied to both the selector 11-0
and the selector 11-1. The selector 16 then selects and
outputs one of either the output of selector 14-0 or 14-1.

This operation will now be described. The selector
10 then selects one of selector 12-0 or 12-1 and inputs
this data to the terminal inO or terminal in1 of the butterfly
operator 4. The butterfly operator 4 then performs but-
terfly operations on data inputted by terminal inO or in1,
with the resulting two items of data being outputted to
the terminal outO or out1 respectively, and to both se-
lector 13-0 and 13-1.

At the selector 13-0 and 13-1, the two items of data
that are necessary at the same time in the following but-
terfly operation are stored so as to be divided between
the memory 15-0 and 15-1. One of the two items of data
supplied from terminal outO and out1 of the butterfly op-
erator 4 is then selected and outputted via the selector
14-0 or 14-1 to memory 15-0 and 15-1. The memories
15-0 and 15-1 then simultaneously store data supplied
via selectors 14-0 and 14-1. The two items of data out-
putted from terminal outO and out1 of the butterfly oper-
ator 4 can then be stored in memory 15-0 and 15-1 with-
out any particular need for waiting.

The two items of data that are the object of the next
butterfly operation stored so as to be divided between
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the memory 15-0 and 15-1 are read-out simultaneously
at a prescribed timing and supplied to selector 11-0 and
11-1.

The selectors 11-0 and 11-1 select data of data read
from the memory 15-0 or 15-1 to be inputted to terminal
in0 or in1 of the butterfly operator 4 and output this data
to selectors 12-0 and 12-1. The selectors 12-0 and 12-1
then select the output of selector 10 until all of the input
data comprising a butterfly operation processing unit is
supplied from the selector 10 and supplies this data to
terminal in0 and in1 of the butterfly operator 4.

After all of the input data that is to undergo butterfly
operations has been supplied from the selector 10, se-
lectors 12-0 and 12-1 select data supplied by selector
11-0 and 11-1 and supply this data to terminal inO and
in1 of the butterfly operator 4. Therefore, in this case,
data read simultaneously from memory 15-0 and 15-1
is supplied simultaneously to the butterfly operator 4. As
aresult, butterfly operations can be carried out immedi-
ately at the butterfly operator 4.

It is therefore possible to repeat processing for sub-
jecting the results of the butterfly operation to another
butterfly operation a prescribed number of times using
the butterfly operator 4.

When this butterfly operation processing is carried
out a prescribed number of times, i.e. when the final re-
sults of the butterfly operation are obtained, thereafter,
at the selectors 14-0 and 14-1, data supplied from the
selectors 13-0 and 13-1 (the final butterfly operation re-
sults) is supplied to the selector 16. At the selector 16,
the outputs of selector 14-0 and 14-1, i.e. the two items
of data outputted simultaneously from terminals outO
and out1 of the butterfly operator 4 are converted from
parallel to serial and outputted.

At the FFT operating device for carrying out the
above operations, the selectors 13-0, 13-1, 14-0 and
14-1 operate on the same clock as the clock of the but-
terfly operator 4. The butterfly operation results from the
butterfly operator 4 are then supplied to the memories
15-0 and 15-1 on this clock timing.

Namely, as shown inthe timing chart in FIG. 6, when
data 0 and data 1 is outputted from terminals outO and
out1 of the butterfly operator 4 respectively, the selec-
tors 13-0 and 13-1 simultaneously select one of these
outputs and the remaining output, respectively, on the
same clock as the butterfly operator 4.

In the embodiment in FIG. 6, data 0 and 2 outputted
from terminal outO is selected at the selector 13-0 and
data 1 and 3 outputted from terminal out1 is selected at
the selector 13-1. However, data numbers given in FIG.
6 are given to specify data in order to simplify the de-
scription. Therefore, in reality, the output of the butterfly
operator 4 does not have to be shown to be selected in
any particular way at the selectors 13-0 and 13-1.

Data selected at the selectors 13-0 and 13-1 is si-
multaneously supplied to the memories 15-0 and 15-1
via selectors 14-0 and 14-1. The memories 15-0 and
15-1 then simultaneously store data from the selectors
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13-0 and 13-1, respectively on a clock of half the period
of the clock for the butterfly operator 4, with already-
stored data being simultaneously read-out and supplied
to selectors 11-0 and 11-1.

Namely, when the data O and 1 is outputted from
the selectors 13-0 and 13-1, the memories 15-0 and
15-1 simultaneously store the data 0 and 1 respectively
in the first half of the period for the clock of the butterfly
operator 4. The data necessary in the following butterfly
operation is then read-out simultaneously in the follow-
ing half and supplied tothe selectors 11-0 and 11-1. Sim-
ilarly, when data 2 and 3 is outputted from the selectors
13-0 and 13-1 respectively, in the first half this data 2
and 3 is simultaneously stored and in the following half
the data necessary in the following butterfly operation is
simultaneously read-out.

In this embodiment, reading and writing of data with
respect to the memories 15-0 and 15-1 is carried out
simultaneously. Therefore, as becomes clear from the
timing chart of FIG. 6, when the operating clock for the
memories 15-0 and 15-1 is taken to be 1, the operating
clock for the butterfly operator 4 can operate at a clock
of half this frequency, with twice the speed of that shown
for the case shown in FIG. 2 therefore being possible.

The embodiment in FIG. 5 has a configuration that
omits the input buffer 1 and the output buffer 9 shown
in FIG. 2 but this input buffer 1 and output buffer 9 can
also be utilized.

Second Embodiment

FIG. 7 shows a configuration of a second example
embodiment of an FFT operation device.

In FIG. 7, portions corresponding to FIG. 5 and FIG.
2 are given the same numerals and their detailed de-
scription is omitted.

A selector 21 supplies input data taken as the object
of the FFT to one of an input buffer 22-0 or an input buffer
22-1. The input buffer 22-0 or 22-1 then stores the input
data supplied from the selector 21, with already-stored
input data being simultaneously read-out and supplied
to a selector 12-0 or 12-1.

In this embodiment, in addition to input data, data
read from a memory 8 is also inputted to the selectors
12-0 and 12-1. At the selectors 12-0 and 12-1, one of
either input data read from the input buffer 22-0 or 22-1
respectively or data supplied from the memory 8 is se-
lected and supplied to the butterfly operator 4.

In this embodiment, the two items of input datacom-
prising the object of the first butterfly operation are sup-
plied so as to be divided between the input buffers 22-0
and 22-1 by selecting the input data at the selector 21.
Therefore, in this case, the two items of input data com-
prising the object of the butterfly operation are stored so
as to be divided between the input buffers 22-0 and
22-1.

The two items of input data comprising the object
of the butterfly operation stored so as to be divided be-
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tween the input buffers 22-0 and 22-1 are simultaneous-
ly read-out and supplied to the terminals in0 and in1 of
the butterfly operator 4 via selector 12-0 and 12-1.

There is therefore no necessary waiting time in this
case because the two items of input data comprising the
object of the butterfly calculation are immediate. Name-
ly, in the case shown in FIG. 2, at the butterfly operator
4, one of the two items of input data comprising the ob-
ject of the butterfly operation coming from the input buff-
er 1 via selector 2 and 3 is selected and it is necessary
to wait for the supplying of the remaining input data from
the input buffer 1 via the selectors 2 and 3 in order to
carry out the butterfly operation. However, in this em-
bodiment, the two items of data are read simultaneously
from the input buffers 22-0 and 22-1 and waiting time is
therefore not required, with the speed of processing be-
ing increased as a result.

Third Embodiment

FIG. 8 shows the configuration of a third example
embodiment of an FFT operating device. Portions of
FIG. 8 corresponding to portions in FIG. 5 and FIG. 2
are given the same numerals and their detailed descrip-
tion is omitted.

In this embodiment, one of the output of either of
the outputs of the selector 14-0 and 14-1 (in FIG. 5, the
output supplied to the memory 15-0 or 15-1) is supplied
to the selector 31. The selector 31 then selects the out-
put of selector 14-0 or 14-1 on half-periods of the clock
for the butterfly operator 4 and supplies these outputs
to the memory 8 to be stored.

Further, the remaining output of the two outputs of
the selector 14-0 and 14-1 (the output supplied to the
selector 16 in FIG. b) is supplied to the output buffer 32-0
or 32-1. The output buffers 32-0 and 32-1 then simulta-
neously store the output of the selectors 14-0 and 14-1.
Further, the output buffers 32-0 and 32-1 then read the
stored data (final results for the butterfly operation) and
supply this data to the selector 33. The selector 33 then
converts the outputs of the output buffers 32-0 and 32-1
from parallel from parallel to serial and outputs the con-
verted data in the same way as the selector 16 of FIG. 5.

In this embodiment, the output of the butterfly oper-
ator 4 is supplied to the selector 31 via the selectors
13-0 and 13-1 and selectors 14-0 and 14-1 until the final
butterfly operation results are obtained and is then fur-
ther supplied from the selector 31 to the memory 8. The
data stored in this memory 8 is then inputted to the but-
terfly operator 4 via the selectors 2 and 3 and the but-
terfly operation is carried out repeatedly with this data
taken as the object.

Then, at the butterfly operator 4, when the two items
of data taken as the final results for the butterfly opera-
tion are obtained, these results are simultaneously sup-
plied to the output buffers 32-0 and 32-1 via the selec-
tors 13-0, 13-1, 14-0 and 14-1 as appropriate, to be
stored. Data stored in the output buffers 32-0 and 32-1
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is, for example, read-out at the same time, converted
from parallel to serial at the selector 33 and outputted.

In this case, the two items of data obtained as the
final results for the butterfly operation can be outputted
without the butterfly operator 4 having to wait. Namely,
in the case shown in FIG. 2, the two items of data out-
putted from the butterfly operator 4 via the selectors 6
and 7 are serial data and the storing previously output-
ted data in the output buffer 9 therefore has to be waited
for in order to store data outputted afterwards in the out-
put buffer 9. However, in this embodiment, the two items
of input data can be written simultaneously to the output
buffers 32-0 and 32-1 and waiting time is not required.
Processing speed can therefore be improved as a result
(in other words, the clock for the output buffers 32-0 and
3201 can be half the frequency of the clock for the output
buffer 9 of FIG. 2).

Fourth Embodiment

FIG. 9 shows a fourth example embodiment of the
FFT operation device. In FIG. 9, portions corresponding
to portions of FIG. 5, FIG. 7 or FIG. 8 are given the same
numerals and their detailed description is omitted.
Namely, this embodiment adopts a configuration that is
a combination of that in FIG. 5, FIG. 7 and FIG. 8. This
FFT operation device therefore combines the effects of
all of these embodiments and the butterfly operation can
therefore be carried out even more quickly.

Fifth Embodiment

FIG. 10 shows a fifth example embodiment of an
FFT operation device. This embodiment has basically
the same configuration as the fourth embodiment of
FIG. 9 but differs in that a butterfly operation of radix 4
is carried out.

Namely, selector 51 of FIG. 10 corresponds to the
selector 21 of FIG. 9 and input buffers 52-0 to 52-3 of
FIG. 10 correspond to input buffers 22-0 and 22-1 of
FIG. 9. Further, selector 53-0 to 53-3 of FIG. 10 corre-
spond to selectors 12-0 to 12-1 of FIG. 9 and the but-
terfly operator 54 of FIG. 10 corresponds to the butterfly
operator 4 of FIG. 9. Moreover, ROM 55 of FIG. 10 cor-
responds to the ROM 5 of FIG. 9 and selectors 56-0 to
56-3 of FIG. 10 correspond to selectors 13-0 and 13-1
of FIG. 9. Further, selectors 57-0 to 57-3 of FIG. 10 cor-
respond to selectors 14-0 and 14-1 of FIG. 9 and mem-
ories 58-0 to 58-3 of FIG. 10 correspond to memories
15-0 and 15-1 of FIG. 9. Still further, the output buffers
59-0t059-3 of FIG. 10 correspond to output buffers 32-0
and 32-1 of FIG. 9 and selectors 60-0 to 60-3 of FIG. 10
correspondtoselectors 11-0 and 11-1 of FIG. 9. Selector
61 of FIG. 10 corresponds to selector 33 of FIG. 9.

With the FFT operation device of the above config-
uration, the selector 51 supplies four units of input data
comprising the object of the first butterfly operation in
such a manner as to be divided between the input buff-
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ers 52-0 to 52-3, with the input data from the selector
51 then being stored at the input buffers 52-0 to 52-3
respectively. At the input buffers 52-0 to 52-3, the stored
input data, i.e. the four items of input data taken as the
first object of the butterfly operation is simultaneously
read-out and simultaneously supplies to terminals in0O to
in3 of the butterfly operator 54 via the selectors 53-0 to
583-8. The butterfly operation can then start at the but-
terfly operator 54 without having to wait.

The butterfly operator 54 then subjects data input-
ted at terminals inO to in3 to butterfly operations of a
radix of four using rotational operator data (rotational
factor) stored in the ROM 55. The resulting four items
of data (butterfly operation results) are then outputted
from terminal outO to out3. The data outputted from ter-
minal outO to out3 is then all supplied to the selectors
56-0 to 56-3.

At the selectors 56-0 to 56-3, one of each of the four
items of data supplied from the terminals outO to out3 of
the butterfly operator 54 are selected at the selectors
56-0 to 56-3 in such a manner that the four items of data
necessary simultaneously in the following butterfly op-
eration are stored so as to be divided between the mem-
ories 58-0t0 58-3. This data is then supplied to the mem-
ories 58-0 to 58-3 via the selectors 57-0 to 57-3. The
memories 58-0 to 58-3 then store the data supplied via
the selectors 57-0 to 57-3 simultaneously. The four
items of data outputted from terminals outO to out3 of
the butterfly operator 54 are then stored at the memories
58-0 to 58-3 without waiting.

The four items of data comprising the object of the
following butterfly operation stored so as to be divided
between the memories 58-0 to 58-3 are read simultane-
ously at a prescribed timing and all supplied to the se-
lectors 60-0 to 60-3.

The selectors 60-0 to 60-3 select data from data
read from the memories 58-0 to 58-3 that is to be input-
ted to terminals inO to in3 of the butterfly operator 54
and outputs this data to selectors 53-0 to 53-3. The se-
lectors 53-0 to 53-3 select the outputs of the input buff-
ers 52-0 to 52-3 until all of the input data comprising the
butterfly operation processing units is supplied from the
input buffers 52-0 to 52-3 and supplies this data to the
terminals inO to in3 of the butterfly operator 54.

After all of the input data that is to be subjected to
the butterfly operation has been supplied from the input
buffers 52-0 to 52-3, the selectors 53-0 to 53-3 select
data supplied by the selectors 60-0 to 60-3 and supply
this data to the terminals in0O to in3 of the butterfly oper-
ator 54. Data read simultaneously from the memories
58-0t0 58-3in this case is therefore simultaneously sup-
plied to the butterfly operator 54 and butterfly operations
can therefore be immediately carried out at the butterfly
operator 54.

A process for performing butterfly operations again
on the butterfly operation results can therefore be re-
peatedly executed a prescribed number of times using
the butterfly operator 54.
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When the butterfly operation has been carried out
aprescribed number of times, i.e. when the final butterfly
operation results are obtained, at the selectors 57-0 to
57-8, data supplied from the selectors 56-0 to 56-3 is
supplied simultaneously to the output buffers 59-0 to
59-3 and stored. The butterfly operator 54 can therefore
output the four items of data obtained as the final results
of the butterfly operation without waiting.

The data stored at the output buffers 59-0 to 59-3
is then read-out, for example, simultaneously, converted
from parallel to serial at the selector 61 and outputted.

As shown in the above, high-speed processing can
also be achieved when FFT operations are carried out
using butterfly operations of a radix of four.

Next, a description will be given using a sixth to
ninth embodiment with regards to a further method for
increasing the speed of the FFT operation.

Sixth Embodiment

FIG. 11 is a block view showing a sixth example em-
bodiment, with portions that are the same as portions in
FIG. 2 being given the same numerals and not being
described in detail. In this embodiment, a selector 71 is
provided prior to the selector 2. This selector 71 selects
one of the output of the memory 8 and the output of a
memory 73 and outputs this to the selector 2. Further,
the selector 2 selectively outputs the output of the se-
lector 7 to the memory 8 and the memory 73. Other as-
pects of this configuration are the same as the case in
FIG. 2.

Next, the operation will be described. The FFT op-
eration carried out by the embodiment of FIG. 11 is the
same as the FFT operation carried out in FIG. 2, with
just the timing being different from the case in FIG. 3. In
the following, a description will be given mainly of the
timing of the operation process.

As shown in the timing chart in FIG. 12, when data
0 or data 1 is outputted by the terminals outO to out3 of
the butterfly calculator 4, the selector 6 selects the out-
put of the butterfly calculator 4 using a clock of half the
period of the clock for the butterfly calculator 4. i.e. in
the first half of the period for the clock for the butterfly
calculator 4, data O outputted by the output terminal O is
selected and in the second half, the data 1 outputted by
the terminal out1 is selected. Similarly, when the data 2
or the data 3 is outputted by the terminals outO and out1
of the butterfly calculator 4, the data 2 is selected in the
first half of the period and the data 3 is selected in the
second half of the period.

The selector 7 supplies data inputted by the selector
6 to the selector 72 until the butterfly operation of the
butterfly calculator 4 is complete. The selector 72 then
operates on the same period clock as the selector 6 and
data inputted by the selector 6 is alternately outputted
to the memory 8 and the memory 73.

For example, when data O is supplied to the memory
8, the following data 1 is supplied to the memory 73, the
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following data 2 is supplied to the memory 8 again and
the following data 3 is supplied to the memory 73. When
data O is inputted by the selector 72, the memory 8 writes
this, the following data 1 is supplied to the memory 73
by the selector 72. Then, at the timing of the writing op-
eration, the data O already stored in the memory 8 is
inputted to, for example, terminal inO of the butterfly cal-
culator 4 via the selectors 71, 2 and 3.

Further, when data 1 is inputted by the selector 72,
this is written in at the memory 73. When the selector
72 then supplies the following data 2, the data 1 already
stored in the memory 73 is read-out and supplied to, for
example, the terminal in1 via the selectors 71, 2 and 3.

In this embodiment, as becomes clear with refer-
ence to the timing chart of FIG. 12, when the operating
clock for the memory 8 and the memory 73 is taken to
be 1, the operating clock of the butterfly calculator 4 can
operate using a clock that is 1/2 of this frequency and a
higher speed than the case shown in FIG. 2 is therefore
possible.

In the embodiment in FIG. 11, a configuration is
adopted where the input buffer memory 1 and the output
buffer memory 9 of FIG. 2 have been omitted but it is
also possible to utilize this kind of input buffer memory
and output buffer memory.

Seventh Embodiment

FIG. 13 shows a seventh example embodiment. In
this embodiment, a circuit comprising selectors 81 and
84, and input buffer memories 82 and 83 is arranged
before the selector 2. The selector 81 then supplies in-
putted data alternately to the input buffer memories 82
and 83. The selector 84 alternately selects data read by
the input buffer memories 82 and 83 and outputs this
data to the selector 2. Other aspects of this construction
are the same as the case in FIG. 2.

In this embodiment, as shown, for example, in FIG.
14, when data 0, data 1 data 2 and data 3 is sequentially
inputted to the selector 81, the selector 81 alternately
selects this data and alternately outputs this data to the
input buffer memory 82 and the input buffer memory 83.
For example, when the input data O is supplied to the
input buffer memory 82, the following data 1 is supplied
to the input buffer memory 83, the subsequent data 2 is
supplied to the input buffer memory 82, and the next da-
ta 3 is supplied to the input buffer memory 83.

This is to say that, when, for example, data O is in-
putted, this data is written in to the input buffer memory
82, and the data 0 already stored in the input buffer
memory 82 is read-out at the time when the selector 81
supplies the following data 1 to the input buffer memory
883 and inputted to, for example, the terminal inO of the
butterfly calculator 4 via the selectors 84, 2 and 3.

On the other hand, when data 1 is inputted, this is
written to the input buffer memory 83. Data 1 already
written to the input buffer memory 83 is then read-out at
the timing at which the following data 2 is supplied to the
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input buffer memory 82 by the selector 81 and this data
1 is then inputted to, for example, the terminal in1 of the
butterfly operator 4 via the selectors 84, 2 and 3.

In this embodiment, the process from the selector
2 onwards is carried out by performing butterfly opera-
tions at the same speed as the case in FIG. 2. However,
the processing units of data that undergo the butterfly
operation are first supplied so that the data to be input-
ted to, for example, the terminal inO of the butterfly cal-
culator 4 is continuous and the data to be inputted to the
terminal in1 after this is continuous. As a result, in the
example in FIG. 2, the butterfly operation cannot start
until all of the units of data to undergo butterfly opera-
tions at the input buffer memory 1 have all been written-
in.

If writing and reading are carried out alternately at
the input buffer memory 1 the butterfly operation occur-
ring at the butterfly calculator 4 can start to all practical
purposes at the time when the first data to be inputted
afterwards to the terminal in1 is written to the input buffer
memory 1, after all of the data to be supplied to the ter-
minal in0 is inputted to the input buffer memory 1. How-
ever, in order to do this it is necessary for clock frequen-
¢y occurring at the input buffer memory 1 to be twice the
frequency of the transmission rate of the inputted data.

With regards to this, with the embodiment in FIG.
13, writing can be carried out alternately to the input buff-
er memory 82 and the input buffer memory 83 using the
same frequency clock as for the transmission rate of the
inputted data. Then, after the data to be inputted to the
terminal inO of the butterfly calculator 4 has all been writ-
ten to the input buffer memory 82 and the input buffer
memory 83, the butterfly operation due to the butterfly
operator 4 can be started in practical terms by alternate-
ly reading data written to the input buffer memory 82 and
the input buffer memory 83 from the following timing at
the time when the first data to be inputted to in terminal
in1 of the butterfly operator 4 is written to the input buffer
memory 83. The frequency of the clock for driving the
input buffer memory 82 and the input buffer memory 83
at this time can then be made to be 1/2 of the clock driv-
ing the input buffer memory 1 of the example in FIG. 2.

Therefore, when comparing with the example of
FIG. 2, when the clock driving the input buffer memories
is made to be the same, the butterfly operation can be
started at a faster timing (the time it takes to write ap-
proximately 1/2 of the processing unit for the butterfly
operation) and the delay time for the overall system can
be shortened.

Eighth Embodiment

FIG. 15 shows an eighth example embodiment. In
this embodiment, a circuit comprising selectors 91 and
94, and output buffer memories 92 and 93 is connected
after the selector 7. The selector 91 then alternately out-
puts data inputted by the selector 7 to the output buffer
memories 92 and 93. The selector 94 sequentially se-
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lects and then outputs data read alternately from the out-
put buffer memory 92 and the output buffer memory 93.
Other aspects of this configuration are then the same
as the case in FIG. 2.

When butterfly operation results outputted by the
butterfly operator 4 are inputted by the selector 7, as
shown in FIG. 16, the selector 91 alternately supplies
data to the output buffer memory 92 and the output buff-
er memory 93. The selector 94 then alternately selects
and outputs data read out alternately from the output
buffer memory 92 and the output buffer memory 93.

For example, as shown in the timing chart of FIG.
16, the following data from the selector 91 is written to
the output buffer memory 93 at the timing when data 0
is read from the output buffer memory 92. Then, when
the selector 94 reads and outputs the data 1 that is the
data following the data O from the output buffer memory
93, the following data is written to the output buffer mem-
ory 92 fromthe selector 91. This kind of operation is then
repeated so that data is sequentially outputted as the
butterfly results from the selector 94 in the order of the
data 0, data 1, data 2 and data 3.

In this embodiment, the configuration of the stages
before the selector 7 is the same as for the example in
FIG. 2 and the speed of the butterily operation is there-
fore the same as for the example in FIG. 2.

However, when, for example, the sequence of data
to be outputted as canonical data for the butterfly oper-
ation results obtained in the case of, for example, input-
ting bits in reverse order, is taken to be, for example, O,
1, 2, ... n, the Oth and n/2th data is obtained first, fol-
lowed by the first and n/2+1th data. Therefore, in the
example in FIG. 2, reading cannot start until all of the
operation results have been written to the output buffer
memory 9.

Reading can start in practical terms from the time
when writing of the first data is complete if writing and
reading are carried out alternately at the output buffer
memory 9. However, in this case, the clock of the output
buffer memory 9 has to be twice the frequency of the
transmission rate for data inputted at the output buffer
memory 9.

Because of this, in the embodiment in FIG. 15, not
only can reading start immediately when writing of the
first data is carried out by the output buffer memory 93,
but the but the frequency of the operating clocks of the
output buffer memory 92 and the output buffer memory
93 in this case can also be the same frequency as the
data transmission rate.

In the embodiment of FIG. 13, the input buffer mem-
ory is divided into two in practical terms but in the eighth
embodiment in FIG. 15 the output buffer memory is es-
sentially divided into two stages.

Ninth Embodiment

FIG. 17 shows a ninth example embodiment. This
embodiment is a combination of the embodiments of
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FIG. 11, FIG. 13 and FIG. 15. Namely, a selector 71 is
provided as a stage previous to the selector 2. The out-
put of the memory 8 is then supplied to one input of the
selector 71 and the output of the memory 73 is supplied
to the remaining input of the selector 71. A selector 72
connected as the stage following the selector 7 alter-
nately supplies the output of the selector 7 to the mem-
ory 8 and the memory 73.

The input data is supplied to the input buffer mem-
ory 82 and the input buffer memory 83 by the selector
81. Data read from these input buffer memories is then
supplied to the selector 2 via the selector 84. Further,
data outputted by the selector 7 is supplied by the se-
lector 91 to the output buffer memory 92 and the output
buffer memory 93. This data is then read-out after writ-
ing and outputted via the selector 94.

Because this embodiment is a configuration that
combines the embodiments of FIG. 11, FIG. 13 and FIG.
15, this embodiment has all of the results of these em-
bodiments. The ninth embodiment is therefore capable
of carrying out the fastest butterfly operations of the
sixth to ninth embodiments.

Examples were given in the sixth to ninth embodi-
ments of the case where the radix N is 2, but it is also
possible for the memory or the input buffer memory to
be divided into 2 when the radix N is two or more.

Tenth Embodiment

FIG. 18 shows a tenth example embodiment of an
FFT operation device. This embodiment combines the
fourth embodiment and the ninth embodiment. The input
buffers, memory for storing intermediate processing da-
ta for the butterfly operation and the output buffers are
divided into a number that is the same as the radix. Fur-
ther, each memory and buffer is divided into 2, with one
reading while the other is writing.

Portions of FIG. 18 corresponding to the case of
FIG. 9 are given the same numerals. Namely, other than
input buffers 71-0 and 71-1, memories 72-0 and 72-1
and output buffers 73-0 and 73-1 being provided in place
of the input buffers 22-0 and 22-1, memories 15-0 and
15-1, and output buffers 32-0 and 32-1, the configura-
tion is the same as the FFT operation device of FIG. 9.

The input buffer 71-0 comprises a selector 71-0-1,
input buffers 71-0-2 and 71-0-3 and a selector 71-0-4.
The selector 71-0-1 alternately supplies data inputted at
the input buffer 71-0 alternately to the input buffers
71-0-2 and 71-0-3.

The input buffers 71-0-2 and 71-0-3 store data sup-
plied from the selector 71-0-1, with stored data being
read and supplied to the selector 71-0-4.

The selector 71-0-4 alternately selects and outputs
data supplied from the input buffers 71-0-2 and 71-0-3.

The selector 71-0-4 selects the one of the input buff-
ers 71-0-2 and 71-0-3to which data is not being supplied
from the selector 71-0-1. The input buffer 71-0 therefore
carries out reading from the remaining input buffer when
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data is being written to one of the input buffers 71-0-2
or 71-0-3.

The input buffer 71-1, memories 72-0 and 72-1, and
output buffers 73-0 and 73-1 are also comprised of a
selector 71-1-1, input buffers 71-1-2 and 71-1-3, and a
selector 71-1-4, a selector 72-0-1, memories 72-0-2 and
72-0-3, and selectors 72-0-4 and 72-1-1, memories
72-1-2 and 72-1-3, and selectors 72-1-4 and 73-0-1,
output buffers 73-0-2 and 73-0-3, selector 73-0-4, se-
lector 73-1-1, output buffers 73-1-2 and 73-1-3 and se-
lector 73-1-4 corresponding to a selector 71-0-1, input
buffers 71-0-2 and 71-0-3 and selector 71-0-4 of the in-
put buffer 71.

With the FFT operation device of the above config-
uration, when data is being written to one of the input
buffer 71-0-2 and 71-0-3, data is read from the remain-
ing input buffer so that the reading and writing of data
can be carried out simultaneously to and from the input
buffer 71-0. This is also the case for the input buffer
71-1, memories 72-0 and 72-1 and output buffers 73-0
and 73-1 of the same configuration as the input buffer
71-0. It is therefore possible to achieve a high process-
ing speed when compared with the case of FIG. 9 where
reading and writing of data is carried out separately (in
other words, the clock for the input buffers 71-0 and
71-1, memories 72-0 and 72-1 and output buffers 73-0
and 73-1 can be half the frequency of the clock for the
input buffers 22-0 and 22-1, memories 15-0 and 15-1
and output buffers 32-0 and 32-1).

In the above, a description has been given of exam-
ples of the present invention applied toan FFT operation
device but in addition to the DAB receiving device shown
in FIG. 1, described, for example, above, this kind of
FFT operation device can also be more widely applied
to devices for carrying out digital signal processing. Fur-
ther, the data taken as the object of the FFTs is by no
means limited to audio data and can also be image sig-
nals or other digital signals.

In the above example embodiments, the present in-
vention has been described for the case of carrying out
FFT processing but the present invention can also be
applied to inverse FFT processing (inverse FFT
processing can be carried out just by, for example,
changing the rotational factor stored in the ROM 5(55)
and the scope of the FFTs occurring in this specification
can therefore be made to included inverse FFTs).

In these embodiments examples have been given
for cases for radixes of 2 and 4 but the present invention
can also be applied to other radixes.

In the embodiments in FIG. 5 etc., a configuration
is adopted where the two outputs of the butterfly oper-
ator 4 are supplied to both the selector 13-0 and the se-
lector 13-1. On or the other of the selectors 13-0 and
13-1isthen selected and data is supplied to the selector
14-0 or 14-1. Then, at the selector 14-0 or the selector
14-1, the output of the selector 13-0 or 13-1 is supplied
to the memory 15-1 or 15-1 respectively or outputted as
the final butterfly operation results. However, in addition
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to this, for example, a configuration can be adopted
where the output of terminal outO or out1 of the butterfly
operator 4 is supplied to the selector 13-0 or the selector
13-1. Then, at selector 13-0 or 13-1, the output of the
terminal outO or out1 is supplied to both of the selectors
14-0 and 14-1 or outputted as the final butterfly opera-
tion results. Then, at the selectors 14-0 and 14-1, the
output of one of either the selector 13-0 or selector 13-1
is selected and supplied to the memory 15-0 or the
memory 15-1.

When the latter configuration is applied to, for ex-
ample, the embodiments of FIG. 8 and FIG. 9 etc., the
final butterfly operation results outputted from terminal
outO orout1 of the butterfly operator 4 can only be stored
in the output buffers 32-0 and 32-1. It is therefore nec-
essary to adopt the configuration (former configuration)
described in the embodiments in order to store the final
butterfly operation results outputted from the terminals
outO and out1 in neither the output buffer 32-0 or the
output buffer 32-1.

According to the present invention, high-speed FFT
operations can be carried out.

Claims

1. A fast Fourier transform operation device feeding
an output of a butterfly operator back to an input of
said butterfly operator, for carrying out fast Fourier
transform operations or inverse fast Fourier trans-
form operations by performing a butterfly operation
a prescribed number of times, wherein at least one
of: a first storage part for storing data inputted to
said butterfly operator; a second storage part for
temporarily storing data outputted from said butter-
fly operator and feeding-back read-out data to an
input of said butterfly operator; and a third storage
part, for storing data that has undergone a butterfly
operation a prescribed number of times, has a stor-
age part, with said storage part comprising a plural-
ity of divided storage parts.

2. Afast Fouriertransform operation device according
to claim 1, further comprising:

a first selector for allotting data inputted at said
storage part to said plurality of divided storage
parts, and

a second selector for switching over between
data outputted from said plurality of divided
storage parts.

3. Afast Fouriertransform operation device according
to claim 2, wherein said storage part is divided into
two divided storage parts, with writing and reading
operations of said two divided storage parts being
carried out using different timings.
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4.

10.

11.

20

A fast Fourier transform operation device according
to claim 2, wherein said plurality of divided storage
parts are partitioned by the same number as the ra-
dix of said butterfly operator.

A fast Fourier transform operation device according
to claim 4, wherein said plurality of divided storage
parts carry out data writing and reading operations
simultaneously.

A fast Fourier transform operation device according
to claim 5, wherein said plurality of divided storage
parts is further partitioned into two, with writing and
reading operations being carried out at different tim-
ings.

A fast Fourier transform operation method for feed-
ing an output of a butterfly operator back to an input
of said butterfly operator and carrying out fast Fou-
rier transform operations or inverse fast Fourier
transform operations by performing a butterfly op-
eration a prescribed number of times, wherein at
least one of: data inputted to said butterfly operator;
data outputted from said butterfly operator and fed-
back to an input of said butterfly operator; and data
having undergone a butterfly operation a prescribed
number of times is divided into a plurality of data,
with said divided data being stored at individual
storage parts.

A fast Fourier transform operation method accord-
ing to claim 7, wherein said dividing is carried out
in order to store to two storage parts and said two
storage parts carry out reading and writing opera-
tions at different timings.

A fast Fourier transform operation method accord-
ing to claim 7, wherein said dividing divides to the
same number as the radix of said butterfly operator.

A fast Fourier transform operation method accord-
ing to claim 9, wherein data divided by the same
number as the radix of said butterfly operator is si-
multaneously written to and read from storage parts
divided by the same number as said radix.

A fast Fourier transform operation method accord-
ing to claim 10, wherein said storage part divided
by the same number as the radix is further parti-
tioned into two, with writing and reading operations
being carried out at different timings.
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FIG. 7
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